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Description
FIELD OF THE INVENTION

[0001] The presentinvention concerns a control meth-
od for an industrial plant. The industrial plant is super-
vised with a plurality of sensors, which detect the respec-
tive measurement data of the plant, and is controlled by
an automation system, which receives the measurement
data of the sensors and possible operator commands.
[0002] By way of example, the industrial plantin ques-
tion can be a plant in the food industry, or metallurgical,
steel, petrochemical, chemical, pharmaceutical, paper,
textile industries and suchlike. Document US 2020
326684 A1 discloses such an industrial plant.

BACKGROUND OF THE INVENTION

[0003] Itis known that very complex industrial plants,
such as those of the metallurgical and steel industry,
comprise a plurality of apparatuses, equipment, ma-
chines and devices controlled by a suitable control ap-
paratus and disposed to define a specific production line
for the production of a certain range of products.
[0004] Here and hereafter, we will use the generic term
"plant components" to include any apparatus, equip-
ment, machine or device that contributes to the creation
of a product.

[0005] The components of the plant must necessarily
interface with each other and be managed effectively so
that the product in transit does not suffer damage and is
made with the required quality standards, as well as to
prevent the latter from damaging the machines it passes
through and comply with the expected safety standards.
[0006] For this purpose, the control apparatus com-
prises a plurality of sensor devices, which acquire the
measurement data of the plant, and an automation sys-
tem that processes the measurement data in order to
generate control signals to be transmitted to the con-
trolled elements of the plant.

[0007] The control apparatus also comprises a man-
machine interface which allows an operator to view the
measurement data and/or the processed data of the
automation system, and to insert operator control com-
mands to be transmitted to the automation system which
it can use to establish the control signals as above.
[0008] In addition to the plant measurement data col-
lected by the sensors, there is a whole series of weak
signals that cannot be directly measured with known
sensor systems, or are only perceptible by humans.
Often, these weak signals can announce the occurrence
of problems, breakdowns, malfunctions or simply can
reveal incorrect choices of the processing parameters.
[0009] These weak signals are subjected to the inter-
pretation of the operator, and it sometimes happens that
their detection and the quality thereof depends for ex-
ample, but not only, on the degree of experience of the
operator designated to control the process. It may hap-
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penthat, if the process is supervised by an inexperienced
operator, despite the high level of automation of the plant,
the perception of what is happening can lead to an
incorrect interpretation of the event and therefore to a
non-optimal sequence of behaviors and operations.
[0010] One disadvantage of known control methods is
that it is not possible to organically process the informa-
tion relating to these weak signals perceived by the
operator with the measurement signals acquired by the
sensors. This severely limits the ability of the automation
system to manage unexpected events in the best possi-
ble way, and possibly predict them.

[0011] Another disadvantage of traditional control
methods is that the processing of the measurement data
occurs substantially continuously without appropriate
historicization, as well as contextualization, thereof.
[0012] There is therefore a need to perfect a control
method for an industrial plant which can overcome at
least one of the disadvantages of the state of the art.
[0013] In particular, one purpose of the present inven-
tion is to provide a control method able to automatically
combine with the measurement data also the information
relating to the perception of the weak signals.

[0014] Another purpose of the present invention is to
provide a control method which allows to acquire and
process both the measurement data and also the infor-
mation relating to the weak signals.

[0015] It is also a purpose of the present invention to
provide a control method able to automate the function-
ing of the plant not only in normal operating conditions,
but also in extraordinary operating conditions.

[0016] Another purpose is to perfect a control method
in which the operator assists and is assisted by the
automation system.

[0017] The Applicant has devised, tested and embo-
died the presentinvention to overcome the shortcomings
of the state of the art and to obtain these and other
purposes and advantages.

SUMMARY OF THE INVENTION

[0018] The present invention is set forth and charac-
terized in the independent claim. The dependent claims
describe other characteristics of the present invention or
variants to the main inventive idea.

[0019] In accordance with the above purposes, a con-
trol method for an industrial plant comprises the acquisi-
tion of a plurality of measurement data relating to the
components of a plant and/or a product being worked,
their storage in a storage device and simultaneously their
transmission to an automation system which uses the
measurement data to generate respective control sig-
nals, the measurement data and at least some of the
control signals being transmitted to an interactive plat-
form.

[0020] According to one aspect, a first interactive plat-
form comprises at least one device for assisting an
operator having a control unit which, in a control step,
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uses suitable verification rules and continuously com-
pares the measurement data, possibly combining them
with at least some of the control signals and with control
commands, given by an operator, in order to identify
specific operational events characteristic of the process.
[0021] According to another aspect, each of the opera-
tional events as above defines a point of interest which is
an aggregation of measurement data, operational control
signals and possibly also video-audio contents relating to
a determinate time window prior to and following the
operational event. This aggregation of data can also
comprise the detection and analysis of the behavior of
the operators who supervise the ongoing process.
[0022] According to another aspect, the method pro-
vides a step of comparative analysis between homoge-
neous points of interest carried out at the end of the
process in progress and after the control step, in which
a processing unit of a second interactive platform allows
to operate at least the comparison between all the points
of interest generated during the process just ended and
during previous processes, or to generate additional
points of interest transmitting corresponding information
on a screen. Such information can be, for example, but
not limited to, of the augmented reality type.

[0023] According to another aspect, a time stamp is
associated with each point of interest and the time win-
dow refers to a determinate period of time prior to and
following the specific operational event that charac-
terizes it.

[0024] According to another aspect, the points of inter-
est are automatically generated by the control unit and
possibly by the processing unit, or they can be manually
generated by the operator on the basis of direct observa-
tions or weak signals.

[0025] According to another aspect, the points of inter-
est are classified according to the degree of importance
with fixed, dynamic or self-learned verification rules,
which allow to determine a deviation of the process,
either in progress or occurred, from an optimum criterion.
[0026] According to another aspect, the points of inter-
est are classified as normal events, alarm events, mal-
function events. At least in the case of points of interest
classified as malfunction events, during the control step
the control unit is configured to project on the main
screens of the first interactive platform the images relat-
ing to the event occurring, in order to increase the level of
attention from the operators. The level of attention can
also be raised by combining, with the images, the corre-
sponding sound flow in order to alert not only the sense of
sight but also the sense of hearing.

[0027] According to another aspect, each point of in-
terest contains measurement data relating to all the plant
components that characterize the process and that are
being monitored. The points of interest can also contain
measurements relating to the quality of a determinate
product, as well as the identification labels of all the raw
materials used to manufacture the product, as well as
measurements relating to energy consumption.
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[0028] According to another aspect, the control step
and the analysis step occur at different moments and in
completely separate and independent environments.
[0029] According to another aspect, the analysis step
can occur simultaneously with the control step in "What-
if" mode, in which, starting from current plant conditions,
the continuation of the process is simulated, varying
determinate control parameters.

[0030] According to another aspect, the second inter-
active platform allows to supervise the process in pro-
gress and trace the product being worked in all the work-
ing steps thereof, including the steps of movement be-
tween the plant components.

[0031] According to another aspect, during the control
step there is provided a step of entering additional in-
formation relating to the points of interest generated, in
which on the screen of the operator assistance device a
screenis displayed which offers the operator the option of
entering the information in written or oral form.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and other aspects, characteristics and
advantages of the present invention will become appar-
ent from the following description of some embodiments,
given as a non-restrictive example with reference to the
attached drawings wherein:

- fig. 1is an example diagram that shows an industrial
plant managed with the control method in accor-
dance with the embodiments described here;

- fig. 2 is a screen displaying the points of interest on
the screen of the operator assistance device;

- fig. 3 is a top plan view of the control pulpit of the
industrial plant in which a control room and an ana-
lysis room are visible, where respectively the control
step and the analysis step are carried out;

- fig. 4 is a three-dimensional view of the control room
of fig. 3;

- fig.5isathree-dimensional view of the analysis room
of fig. 3.

[0033] To facilitate comprehension, the same refer-
ence numbers have been used, where possible, to iden-
tify identical common elements in the drawings. It is
understood that elements and characteristics of one
embodiment can conveniently be combined or incorpo-
rated into other embodiments without further clarifica-
tions.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0034] We will now refer in detail to the possible em-
bodiments of the invention, of which one or more exam-
ples are shown in the attached drawings, by way of a non-
limiting illustration. The phraseology and terminology
used here is also for the purposes of providing non-
limiting examples.
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[0035] The embodiments described here concern a
control method for an industrial plant 10, schematically
shown in fig. 1.

[0036] Theindustrial plant 10 can be aplantforthe food
industry, metallurgical and steel industry, petrochemical
industry, paper industry, pharmaceutical industry, textile
industry, chemical industry and suchlike.

[0037] The industrial plants 10 in question comprise a
plurality of plant components 11 and a control apparatus
12.

[0038] By plant components 11 here and hereafter we
mean any apparatus, equipment, machine or device
whatsoever that contributes to producing, working, or
controlling a determinate product in a specific industrial
plant 10.

[0039] The control apparatus 12 comprises a plurality
of detection devices 13 associated with the plant com-
ponents 11 and able to detect, either directly or indirectly,
respective measurement data D.

[0040] The detection devices 13 are configured to
detect determinate physical measurements correlated
to the process and machine parameters of the plant
components 11, and/or to the product being worked
and possibly also to the surrounding environment.
[0041] The detection devices 13 can be real or virtual.
By virtual detection device we mean a processing system
that, by means of suitable algorithms, is able to supply
data relating to parameters that cannot be measured
directly, are difficult to measure directly, or the direct
measurement of which would involve an excessively high
cost.

[0042] By way of example, the detection devices 13
can be selected from a group comprising position sen-
sors, photocells, thermocouples, pressure gauges, cur-
rent sensors, voltage sensors or other.

[0043] The detection devices 13 can comprise audio-
video detection devices. The image can be of the optical
or infrared type.

[0044] The detection devices 13 can comprise devices
to detect acoustic vibrations and corresponding spectra.
[0045] The control apparatus 12 comprises a storage
device 14 in which the measurement data D is stored.
[0046] Preferably, the measurementdataD is storedin
raw form, that is, without undergoing processing or trans-
formation, so as to preserve all the information contained
therein.

[0047] A time stamp is associated with the measure-
ment data D which configures the data as time series of
measurement data.

[0048] The measurement data D recorded in the sto-
rage device 14 can be both of the analog type and also of
the digital type, according to the type of detection devices
13 and the measurement to be performed.

[0049] The measurement data D can be homoge-
neous, heterogeneous, possibly made adimensional.
[0050] The storage device 14 can be a centralized
system, a distributed system or a cloud type remote
system.
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[0051] The control apparatus 12 comprises an auto-
mation system 15 able to continuously receive the mea-
surement data D from the detection devices 13 and to
process respective operational control signals CS to be
transmitted to the plant components 11. The automation
system 15 comprises actuator devices associated with
the plant components 11 and configured to receive the
control signals CS and to determine corresponding op-
erational actions on the plant components 11.

[0052] The control apparatus 12 comprises an inter-
active platform 16 that allows to control and manage the
industrial plant 10, and also allows to historicize and
consult all the information relating to processes and
products.

[0053] The interactive platform 16 can be installed in a
control cabin, hereafter also pulpit 17, inside the indus-
trial plant 10, preferably in an elevated position, facing the
process in progress.

[0054] In other embodiments, the pulpit 17 can be
positioned outside the industrial plant 10, in a remote
position.

[0055] The pulpit 17 can comprise two zones, or in-
dependent and separate environments, wherein each
environment can be provided with its own interactive
platform 16.

[0056] A first zone 18 of the pulpit 17, hereafter com-
mand room 18, can be dedicated to the reproduction and
real time display of the contents acquired by means of the
detection devices 13, for example the measurement data
D, the functioning data of the industrial plant 10 - for
example the data received from the automation system
15 relating to the functioning of the plant components 11 -
and/or video-audio contents, or other.

[0057] A control step of the process in progress is then
carried out in the command room 18.

[0058] A second zone 19 of the pulpit 17, hereafter
analysis room 19, can be dedicated to the reproduction,
for example "delayed" or simultaneous, of the contents
that have been recorded in the storage device 14 and of
the contents identified and processed in the command
room 18, forexample in order to carry out consultations or
verifications of the processes that have already occurred
or are occurring.

[0059] An analysis step of the processes that have
already occurred, or a consultation of the events of the
process in progress, is then carried out in the analysis
room 19.

[0060] As shown in fig. 3, the command room 18 and
the analysis room 19 can be two rooms, or completely
independent environments. The analysis room 19 can
possibly be disposed in a remote position with respect to
the installation site of the industrial plant 10, and can
receive and process machine and process data of more
than one industrial plant 10 at a time, also allowing an
immediate cross-comparison of the data.

[0061] With reference to figs. 3-4, the command room
18 is used to control and manage the industrial plant 10
and the processes in progress. The command room 18
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has a first interactive platform 16a and command sta-
tions, preferably two, in which respective operators take
their places who can share the same functions and
responsibilities, or deal with different operational func-
tions.

[0062] The first interactive platform 16a comprises at
least one main screen 20, preferably large, even up to 98
inches and more, disposed in front of each of the stations
as above.

[0063] An additional main screen shared by both op-
erators can be positioned between two main screens 20,
in order to project and analyze shared scenarios or
scenarios that require special attention.

[0064] The main screens 20 can allow to display the
process in progress in real-time, for example thanks to
closed-circuit cameras disposed in focal points of the
industrial plant 10.

[0065] The main screens 20 can have a dedicated
display zone where the parameters of the process in
progress, correlated to the images projected or relating
to determinate zones of the industrial plant 10, are visible.
[0066] The main screens 20 can allow to simulta-
neously display several zones of the industrial plant 10.
[0067] The first interactive platform 16a can comprise
additional monitors 24 and one or more interaction de-
vices with commands such as real or virtual keyboards,
joysticks, keys, levers or other.

[0068] The first interactive platform 16a comprises at
least one operator assistance device 21 associated with
at least one of the two stations, preferably with both. The
operator assistance device 21 is configured both to allow
the operator to enter commands toward the automated
devices and also to supervise the process in progress, as
better explained below.

[0069] The operator assistance device 21 comprises a
control unit 23, configured to process and classify in real
time a plurality of events of the process in progress, in
chronological order of occurrence, and a screen 22, for
example of the touch-screen type, on which the events as
above are displayed.

[0070] The control unit 23 comprises a central proces-
sing unit, or CPU, and at least one storage unit connected
toit, which can also be the same storage device 14, andin
which atleast one processing algorithm is stored which is
capable of causing the same CPU, in response at least to
the measurement data D and to the corresponding op-
erational control signals CS, to generate command sig-
nals to be transmitted to the automation system 15 which
in turn processes them into corresponding control signals
CSto be sentto the plant components 11. The control unit
23 is operatively associated with the interactive platform
164, in particular at least with the automation system 15,
with the screen 22 and with the main screens 20.
[0071] Inthe eventthat there are two or more operator
assistance devices 21, there can be a single control unit
23 which is operationally shared.

[0072] The control unit23is configured to receive, from
the automation system 15 or from the storage device 14,
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atleast the measurement data D relating to the detection
devices 13 and the data relating to the operational control
signals CS of the plant components 11.

[0073] The control unit 23 is configured to allow to
generate a plurality of points of interest POI, that is, to
define particular aggregations of measurement data D,
operational control signals CS and possibly also video-
audio contents relating to a determinate time window on
the basis of specific verification rules R.

[0074] The verification rules R are highly dependenton
the type of event being monitored.

[0075] Each point of interest POI is detected on the
basis of a specific event that characterizes the process in
progress; it can also contain measurement data D relat-
ing to all the plant components 11 that characterize the
process, or only some of them, and also other data
relating to tracing, quality, the operators involved and
more.

[0076] The measurement data referring to a point of
interest POI can be homogeneous, heterogeneous, pos-
sibly made adimensional.

[0077] The point of interest POI can also contain mea-
surements relating to the quality of a determinate pro-
duct, as well as the identification labels of all the raw
materials used to manufacture the determinate product.
[0078] More or less complex statistical analyzes can
be applied to the numeric measurement data, for exam-
ple average, minimum or maximum values, standard
deviation or other. Any missing measurement data can
be replaced, for example, with an average value or with
other choices based on known statistical methods.
[0079] A time stamp is associated with each point of
interest POI and the time window therefore refers to a
determinate period of time prior to and following a specific
event that characterizes the point of interest POI.
[0080] The points of interest POl can be classified
according to the degree of importance. The classification
can be performed on the basis of the verification rules R
as above, and possibly on the basis of fixed or dynamic
thresholds, or self-learned thresholds, which allow to
determine a deviation of the process in progress from
an optimum criterion. The points of interest POl can be
classified by means of the processing algorithms as
above, for example by means of a special classification
algorithm.

[0081] The points of interest POI can be classified as
normal events, alarm events and malfunction events.
Possible additional classifications or sub-classifications
are however possible.

[0082] According to possible embodiments, the deter-
mination thata point of interest POl is approaching can be
achieved by means of a processing algorithm that per-
forms the analysis of the first derivatives in time of a
determinate physical measurement. The control unit
23 is able to identify possible instabilities and warn the
operators by means of the operator assistance device 21.
[0083] At least in the case of alarm and malfunction
points of interest POI, the control unit 23 is configured to
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project on the main screens 20 the images relating to the
event occurring in order to increase the level of attention
from the operators.

[0084] The control system 23 can, by means of the
processing algorithms as above, automatically modify
the images projected on the screens 20, for example in
order to focus the attention of the operators on the plant
components 11, possibly in an enlarged image, located in
the zone of the industrial plant 10 where the point of
interest POl is occurring.

[0085] The points of interest POI can be automatically
generated by the control unit 23, following the processing
generated by the processing algorithms as above or, for
example, on the basis of heuristic rules.

[0086] The points of interest POl can be manually
generated by the operator by means of the operator
assistance device 21, on the basis of direct observations
or so-called weak signals.

[0087] The manual points of interest POI represent
warnings of notable behaviors or phenomena observed
by operators.

[0088] At each manual point of interest POI, the op-
erator has the possibility to combine additional qualitative
information.

[0089] This additional information can be supplied to
the control unit 23 in a known manner.

[0090] Accordingtooneembodiment,thereis provided
a step of entering the information, in which on the screen
22 of the operator assistance device 21 a screen is
displayed which offers the operator the option of entering
information. The operator can approve and subsequently
enter such information in written or oral form.

[0091] The additional information can be written or
verbal in nature, and can be transcribed by an automatic
interpreter.

[0092] The additionalinformation can be coded withan
appropriate language in order to be univocally traced
back to the specific point of interest POI. The additional
information, if encoded with a pair of specific words, can
be transformed into dichotomous or binary variables.
[0093] The control and verification of the manual points
of interest POl are carried out post hoc with respect to the
moment in which they are generated by qualified per-
sonnel who, within a predefined time interval, judge
whether these are events to be taken into consideration,
and therefore classified and historicized, or not. Once the
predefined time interval has passed, in the absence of
confirmation, the manual point of interest POl and the
data associated with it will be deleted.

[0094] With particular reference to fig. 2, the points of
interest POI can be displayed on the screen 22 of the
operator assistance device 21, or on the main screens 20
in augmented reality, in graphs with markers of different
color and shape, or they can be listed.

[0095] The points of interest POI are displayed on the
operator assistance device 21 in chronological order with
a color code that matches a normal event with the color
blue, an alarm event with the color yellow and a malfunc-
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tion event with the color red.

[0096] The operator assistance device 21 allows a
navigation mode between the points of interest POI
generated. For example, by selecting a specific point
of interest POI, itis possible to access all the information
that characterizes it.

[0097] It is also possible to select all the points of
interest POI relating to similar events. For example, a
possible sub-classification can group together events of
a specific plant component 11.

[0098] It is also possible to select all the points of
interest POI that have the same classification.

[0099] In both cases - selection of similar events or of
events with the same classification of interest - thanks to
the processing algorithms as above, a performance com-
parison is performed, favorably under the same operat-
ing conditions, in order to choose the best sequence of
control signals CS as the manager varies, such se-
quence being used, together with other operational para-
meters, as a training database to train a neural network,
or as a guideline to support a less experienced operator.
[0100] The control unit 23 is also configured to store in
its own memory unit and to associate the actions per-
formed by the operators, for example executed by means
of the console buttons, and/or the operational control
signals generated automatically by the automation sys-
tem 15. This information is combined with the points of
interest POl generated, both automatically and manually,
in such a way as to identify any human and/or automatic
control errors, or simply to identify which one of the
actions performed is the best one, that is, the one closer
to an optimum criterion.

[0101] The optimum criterion can be oriented to the
management or yield, either quantitative or qualitative, or
to the maintenance of the industrial plant 10, or to the
geometric result of the final product, or to the energy
consumption of the industrial plant 10 or other possible
criteria.

[0102] Inthis sense, itis possible to provide to use the
processing algorithms as above, in particular optimiza-
tion algorithms, which by applying verification rules R,
which differ according to the type of optimum criterion to
be pursued, process the information contained in the
POls in order to return indications of an optimum or
directly optimal operational control signals CS. The
points of interest POl can therefore be used by the
processing algorithms to also return indications of an
optimum, or of a best practice, and not only to identify
unwanted situations.

[0103] Forexample,adeterminate pointofinterest POI
can identify a univocal situation in which a particular
qualitative outcome (particular proximity to the objec-
tives) has been achieved or, on the contrary, a situation
in which a poor level of quality has been achieved (out of
chemical or geometric tolerance, or other).

[0104] The generation of the points of interest POI
allows to facilitate the extraction of significant data for
the development of possible predictive models of any
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significant or anomalous event, in order to be able to
predict future similar events before they occur.

[0105] The data relating to a determinate point of inter-
est POI do not refer only to the plant components 11 that
have manifested a particular event, but rather comprise
all the data relating to the plant components 11, favorably
of the entire supply chain, from the raw materials area to
the finished products area.

[0106] Infact, any given event can have a local cause,
or evidence, or it can be caused by actions or conditions
that have occurred even in a very distant and/or deloca-
lized time.

[0107] The operator assistance device 21 can allow to
select a determinate optimum criterion and subsequently
the events connected to the points of interest POl relating
to the optimum criterion to be pursued are processed by
means of the optimization algorithms as above.

[0108] The control unit 23 is configured to automati-
cally process the information relating to the points of
interest POl and it can, by means of the screen 22, the
main screens 20, possibly also with voice synthesis,
suggest possible optimal sequences of commands in
orderto preventreaching an unwanted eventthatis about
to occur, or to remedy a problem that has already oc-
curred as quickly and effectively as possible.

[0109] Optionally, the suggestion of the optimal se-
quence can be sent as command signals directly to the
automation system 15, while operators may be required
to simply check and confirm to proceed.

[0110] The sequences of commands executed by the
operators can also be subject to statistics in order to
determine any corrective behavior to be implemented.
[0111] According to some embodiments, the analysis
room 19 is used to analyze the processes of the industrial
plant 10 which occurred in the past, for example over a
period of time up to three previous days or more.
[0112] The analysis room 19 can accommodate a cer-
tain number of people and can also be used for staff
training, or for a post hoc analysis of events that occurred
during a work shift.

[0113] With reference to fig. 1, fig. 3 and fig. 5, the
analysis room 19 comprises a second interactive plat-
form 16b comprising at least one large interactive screen
26 and a processing unit 27 operatively connected to the
screen 26, to the control unit 23 of the operator assis-
tance device 21 and to the storage device 14.

[0114] The processing unit 27 is configured to transmit
onthe screen 26 the data and images relating to a specific
process selected.

[0115] The processing unit 27 can be integrated in the
screen 26, or it can be an independent component.
[0116] The images can be augmented reality images,
that is, additional information can be combined with the
real images, or with sequences of images, using the
measurement data D stored in the storage device 14.
[0117] The processing unit 27 can be configured to
compare the points of interest POI already recorded by
the control unit 23.
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[0118] While the images are displayed on the interac-
tive screen 26, itis possible to indicate possible additional
points of interest POI or delete those already indicated
that do not present real evidence.

[0119] According to possible embodiments, the points
of interest POI can be generated even if no significant or
anomalous event has occurred during the process in
progress, and they can be evaluated with respect to
previously recorded data (playback mode).

[0120] In case of failure to generate a point of interest
POI following a significant or anomalous event that ac-
tually occurred during the process, it is possible to carry
out an automatic training of the processing algorithms, in
particular of anomaly detection algorithms, using the
previously recorded data. For example, in the event that
an anomalous eventoccurs, but an alarm point of interest
POl is not generated, it is possible to use the historicized
records relating to anomalous events of the same type in
order to re-train a predictive model and re-verify it on all
past anomalous events.

[0121] The processing unit 27 allows to access the
data saved by the different information sources with
selection criteria that may not necessarily be the time
period. These selection criteria can be, for example, the
production order, the order, the customer name, the
material that the product consist of, the range, the phy-
sical state, the non-conformity or production anomaly, the
energy consumption, or other criteria.

[0122] According to possible embodiments, the analy-
sis room 19 can also act as a simulation environment. For
example, starting from a specific process in progress, itis
possible to change the process variables in order to
predict/prevent possible events that have occurred in
reality. In this case, we speak of "What-if" analysis
modes.

Example 1

[0123] The industrial plant can be a strip rolling plant
comprising a heating furnace for metal products, for
example slabs, a rolling train provided with a plurality
of rolling stands located in sequence and through which a
product being rolled passes in a rolling direction, and a
winding reel disposed at the end of the rolling train and
able to wind the rolled product into reels.

[0124] The rolling plant is provided with a plurality of
sensors disposed along the line and with a video mon-
itoring system that comprises a plurality of video cameras
that monitor a series of focal points.

[0125] For example, it is possible to provide a video
camera that focuses on the entry and/or exit of the heat-
ing furnace, a video camera located upstream and down-
stream of each rolling stand, as well as at least one video
camera positioned at the end of the rolling train to monitor
the winding of the strip, and even video cameras located
in the raw materials warehouse, in the finished products
area and in the shipping area.

[0126] Forexample, the video cameras placed to con-



13 EP 4 237 919 B1 14

trol the rolling stands can be configured to detect any
skidding of the product being rolled.

[0127] The data relating to the control of the product
being rolled are transmitted to the storage device 14 and
then, either in the raw state or once processed, to the
control unit 23 which generates, or doesn’t generate, a
point of interest POI in the event that, based on the
verification rules R at that moment, a skidding of the
product being rolled is occurring.

[0128] The pointofinterest POlis thendisplayed by the
operator on the touch screen 22 of the operator assis-
tance device 21. Atthe same time, the control unit 23 can
transmit suitable corrective signals directly to the auto-
mation system 15, or to the operator, or to both.

[0129] The pointofinterest POl generated on the basis
of the skidding event of the product being rolled can
contain information relating to all the steps preceding
this event. In this way, it is possible to univocally identify
the cause of the skidding which can be related to errors
upstream, even ones very distant in time, for example
errors during the billet casting process, or errors in the
choice and composition of the set of raw materials sent to
the melting furnace, or even errors in process tempera-
tures or other.

Example 2

[0130] In the context of application to the primary or
secondary metallurgy of a steel plant, the points of inter-
est POI and their processing can be used to identify the
correction parameters of the model for chemical additi-
vation/correction of the steel in the ladle or in the electric
arc furnace. In particular, by inserting a point of interest
POI that contains the information relating to the para-
meters actually used in the additivation operation, it is
possible to compare this information with the results
obtained from the physical-mathematical model and train
a neural network that allows to identify the correction
parameters of the physical-mathematical model in order
to improve its performance as the operating conditions
and yields of the materials vary.

Example 3

[0131] In the context of application to an electric arc
furnace, the points of interest POI and their processing
can be used to identify the chemical composition of the
scrap entering the melting process in relation to changes
in the characteristics, by using a point of interest POl that
identifies the instant of recovery of the chemical sample
after the slagging operation and uses it to perform a first
comparison between presumed analysis and real ana-
lysis.

Example 4

[0132] In the context of application to a continuous
casting line, a point of interest POl and its processing
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can be used to identify a range of the measurement data
of the cutting of a billet or bloom, when the weight para-
meters within which a billet/bloom being cut are violated,
in order to train a neural network that feeds a corrective
model of the cutting setup of the Torch/Shear.

Example 5

[0133] In the context of application to a rolling line, a
point of interest POI and its processing can be used to
classify defects during the qualitative analysis of a rolled
strip in order to train a machine learning model to predict
such defects on the basis of the useful data recorded.
[0134] Itis clear that modifications and/or additions of
steps may be made to the control method as described
heretofore, without departing from the field and scope of
the present invention as defined by the claims.

[0135] In the following claims, the sole purpose of the
references in brackets is to facilitate reading: they must
not be considered as restrictive factors with regard to the
field of protection claimed in the specific claims.

Claims

1. Control method for an industrial plant (10) compris-
ing the acquisition of a plurality of measurement data
(D) relating to the components (11) of a plant and/or
to a product being worked, their storage in a storage
device (14) and their transmission to an automation
system (15) which uses said measurement data (D)
to generate respective control signals (CS), said
measurement data (D) and at least some of said
control signals (CS) being transmitted to an inter-
active platform (16; 16a, 16b) characterized in that
a first interactive platform (16a) comprises at least
one device (21) for assisting an operator, having a
control unit (23) which, in a control step, uses sui-
table verification rules (R) and continuously com-
pares said measurement data (D), possibly combin-
ing them with at least some of said control signals
(CS) and with control commands, given by an op-
erator, in order to identify specific operational events
characteristic of the process, wherein each of said
operational events defines a point of interest (POI)
which is an aggregation of measurement data (D),
operational control signals (CS) and also video-
audio contents relating to a determinate time window
prior to and following said event on the basis of said
verification rules (R), wherein said points of interest
(POI) are generated automatically by said control
unit (23) and possibly by said processing unit (27).

2. Method as in claim 1, characterized in that it com-
prises an analysis step carried out at the end of said
process after said control step, in which a processing
unit (27) of a second interactive platform (16b) is
configured to operate at least the comparison be-
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tween all the points of interest (POI) generated in
said process and during previous processes, to gen-
erate additional points of interest (POI) and/or to
validate or eliminate the points of interest (POI) pre-
viously generated in said control step, transmitting
corresponding information on a screen (26).

Method as in claim 2, characterized in that a time
stamp is associated with each point of interest (POI)
and the time window refers to a determinate period of
time prior to and following the specific event that
characterizes said point of interest (POI).

Method as in any claim from 1 to 3, characterized in
that said points of interest (POI) are classified ac-
cording to the degree of importance with fixed, dy-
namic or self-learned verification rules (R), which
allow to determine a deviation of the process, either
in progress or occurred, from an optimum criterion.

Method as in any claim from 1 to 4, characterized in
that during the control step, said points of interest
(POI) are displayed on a screen (22) of the operator
assistance device (21) in graph form, with markers of
different color and/or shape, possibly also as a list-
ing, in chronological order.

Method asin claim 4 or 5when dependenton claim 4,
characterized in that said optimum criterion is di-
rected to the management or quantitative or quali-
tative yield, or to the maintenance of the industrial
plant (10), or to the geometric result of the final
product or to the energy consumption of the indus-
trial plant (10).

Method as in any one of claims 4, 5 or 6, character-
ized in that said points ofinterest (POIl) are classified
as normal events, alarm events, malfunction events,
and in that at least in the case of points of interest
(POQI) classified as malfunction events, during the
control step said control unit (23) is configured at
least to project on the main screens (20) of said first
interactive platform (16a) the images relating to the
event occurring in order to increase the level of
attention from operators.

Method as in any claim from 1 to 7, characterized in
that each point of interest (POI) contains measure-
ment data (D) relating to all plant components (11)
that characterize the process, and which are mon-
itored directly or indirectly.

Method as in any claim from 1 to 8, characterized in
that said points of interest (POI) also contain mea-
surements relating to the quality of a determinate
product, as well as the identification labels of all the
raw materials used to manufacture said product.
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Method as in any claim from 2 to 9, characterized in
that said control step and said analysis step occur at
different moments and in completely separate and
independent environments.

Method as in claim 1, characterized in that it com-
prises an analysis step which occurs simultaneously
with said control step in "What-if" mode, in which,
starting from current plant conditions, the continua-
tion of the process is simulated, varying determinate
control parameters.

Method as in any claim hereinbefore, characterized
in that said second interactive platform (16b) allows
to supervise the process in progress and trace the
product being worked in all the working steps there-
of, including the steps of movement between the
plant components (11).

Method as in any claim from 5 to 12, characterized
in that during said control step there is provided a
step of entering additional information relating to the
points of interest (POI) generated, in which on said
screen (22) of said operator assistance device (21) a
screen is displayed which offers the operator the
option of entering said information in written or oral
form.

Patentanspriiche

1.

Steuerungsverfahren fiir eine Industrieanlage (10),
umfassend die Erfassung einer Vielzahl von Mess-
daten (D), die sich auf die Komponenten (11) einer
Anlage und/oder auf ein zu bearbeitendes Produkt
beziehen, ihre Speicherung in einer Speichervor-
richtung (14) und ihre Ubertragung an ein Automa-
tisierungssystem (15), das die Messdaten (D) ver-
wendet, um entsprechende Steuersignale (CS) zu
erzeugen, wobei die Messdaten (D) und mindestens
einige der Steuersignale (CS) an eine interaktive
Plattform (16; 16a, 16b) Ubertragen werden, da-
durch gekennzeichnet, dass eine erste interaktive
Plattform (16a) mindestens eine Vorrichtung (21) zur
Unterstutzung eines Bedieners umfasst, die eine
Steuereinheit (23) aufweist, die in einem Steuer-
schritt geeignete Uberpriifungsregeln (R) verwendet
und die Messdaten (D) kontinuierlich vergleicht, wo-
bei sie gegebenenfalls mit mindestens einigen der
Steuersignale (CS) und mit Steuerbefehlen kombi-
niert werden, die von einem Bediener gegeben wer-
den, um spezifische Betriebsereignisse, die fiir den
Prozess charakteristisch sind, zu identifizieren, wo-
bei jedes der Betriebsereignisse einen Point of In-
terest (POI), der eine Ansammlung von Messdaten
(D), Betriebssteuersignalen (CS) und gegebenen-
falls auch Video-Audio-Inhalten ist, die sich auf ein
bestimmtes Zeitfenster vor und nach dem Ereignis
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beziehen, auf der Grundlage der Uberpriifungsre-
geln (R) definiert, wobei Points of Interest (POI)
jeweils automatisch von der Steuereinheit (23) und
gegebenenfalls von der Verarbeitungseinheit (27)
erzeugt werden.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass es einen Analyseschritt umfasst,
der am Ende des Prozesses nach dem Kontroll-
schritt ausgefihrt wird, in dem eine Verarbeitungs-
einheit (27) einer zweiten interaktiven Plattform
(16b) so konfiguriert ist, dass sie zumindest den
Vergleich zwischen allen in dem Prozess und wah-
rend vorheriger Prozesse erzeugten Points of Inte-
rest (POI) durchfiihrt, um zusatzliche Points of Inte-
rest (POI) zu erzeugen, und/oder die zuvor in dem
Kontrollschritt erzeugten Points of Interest (POI)
validiert oder eliminiert, wobei entsprechende Infor-
mationen auf einen Bildschirm (26) (ibertragen wer-
den.

Verfahren nach Anspruch 2, dadurch gekenn-
zeichnet, dass jedem Point of Interest (POI) ein
Zeitstempel zugeordnet ist und sich das Zeitfenster
auf eine bestimmte Zeitspanne vor und nach dem
spezifischen Ereignis bezieht, das den Point of In-
terest (POI) charakterisiert.

Verfahren nach irgendeinem der Anspruche 1 bis 3,
dadurch gekennzeichnet, dass die Points of Inte-
rest (POI) nach dem Grad der Wichtigkeit mit festen,
dynamischen oder selbst erlernten Uberpriifungs-
regeln (R) klassifiziert werden, die es erlauben, eine
Abweichung des laufenden oder bereits erfolgten
Prozesses von einem optimalen Kriterium zu be-
stimmen.

Verfahren nach irgendeinem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, dass wahrend des Kon-
trollschritts die Points of Interest (POI) auf einem
Bildschirm (22) der Bedienerunterstitzungsvorrich-
tung (21) in grafischer Form, mit Markierungen un-
terschiedlicher Farbe und/oder Form, gegebenen-
falls auch als Auflistung, in chronologischer Reihen-
folge angezeigt werden.

Verfahren nach Anspruch 4 oder 5, wenn dieser von
Anspruch 4 abhangt, dadurch gekennzeichnet,
dass das optimale Kriterium auf die Verwaltung oder
quantitative oder qualitative Ausbeute oder auf die
Wartung der Industrieanlage (10) oder auf das geo-
metrische Ergebnis des Endprodukts oder auf den
Energieverbrauch der Industrieanlage (10) gerichtet
ist.

Verfahren nach irgendeinem der Anspriiche 4, 5
oder 6, dadurch gekennzeichnet, dass die Points
of Interest (POI) als normale Ereignisse, Alarmereig-
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nisse, Stérungsereignisse klassifiziert werden, und
dass zumindest in dem Fall, in dem wahrend des
Kontrollschritts Points of Interest (POI) als Stérungs-
ereignisse klassifiziert werden, die Steuereinheit
(23) so konfiguriert ist, dass sie zumindest auf den
Hauptbildschirmen (20) der ersten interaktiven Platt-
form (16a) die Bilder, die sich auf das auftretende
Ereignis beziehen, projiziert, um die Aufmerksam-
keit der Bediener zu erh6hen

Verfahren nach irgendeinem der Anspriiche 1 bis 7,
dadurch gekennzeichnet, dass jeder Point of In-
terest (POI) Messdaten (D) enthalt, die sich auf alle
Anlagenkomponenten (11) beziehen, die den Pro-
zess charakterisieren und die direkt oder indirekt
Uberwacht werden.

Verfahren nach irgendeinem der Anspriiche 1 bis 8,
dadurch gekennzeichnet, dass die Points of Inte-
rest (POI) auch Messdaten, die sich auf die Qualitat
eines bestimmten Produkts beziehen, sowie die
Identifikationsetiketten aller zur Herstellung des Pro-
dukts verwendeten Rohstoffe enthalten.

Verfahren nach irgendeinem der Anspriiche 2 bis 9,
dadurch gekennzeichnet, dass der Kontrollschritt
und der Analyseschritt zu unterschiedlichen Zeit-
punkten und in véllig getrennten und unabhangigen
Umgebungen stattfinden.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass es einen Analyseschritt umfasst,
der gleichzeitig mit dem Kontrollschritt im "Was-wa-
re-wenn"-Modus erfolgt, in dem, ausgehend vonden
aktuellen Anlagenbedingungen, der Fortgang des
Prozesses simuliert wird, wobei bestimmte Kontroll-
parameter variiert werden.

Verfahren nach einem der vorhergehenden Ansprii-
che, dadurch gekennzeichnet, dass die zweite
interaktive Plattform (16b) die Uberwachung des
laufenden Prozesses und die Verfolgung des be-
arbeiteten Produkts in allen Arbeitsschritten, ein-
schlief3lich der Bewegungsschritte zwischen den
Anlagenkomponenten (11), ermdglicht.

Verfahren nach irgendeinem der Anspriiche 5 bis 12,
dadurch gekennzeichnet, dass wahrend des Kon-
trollschritts ein Schritt zur Eingabe zusatzlicher In-
formationen in Bezug auf die erzeugten Points of
Interest (POI) vorgesehen ist, wobei auf dem Bild-
schirm (22) der Bedienerunterstiitzungsvorrichtung
(21) eine Maske angezeigt wird, die dem Bediener
die Mdglichkeit bietet, die Informationen in schrift-
licher oder miindlicher Form einzugeben.
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Revendications

Procédé de commande pour une installation indus-
trielle (10) comprenant'acquisition d’'une pluralité de
données de mesure (D) relatives aux composants
(11) d’une installation et/ou & un produit en cours
d’élaboration, leur stockage dans un dispositif de
stockage (14) et leur transmission a un systéeme
d’automatisation (15) qui utilise lesdites données
de mesure (D) pour générer des signaux de
commande (CS) respectifs, lesdites données de
mesure (D) et au moins certains desdits signaux
de commande (CS) étant transmis a une plate-forme
interactive (16 ; 16a, 16b) caractérisé en ce qu’une
premiere plate-forme interactive (16a) comprend au
moins un dispositif (21) pour assister un opérateur,
présentant une unité de commande (23) qui, dans
une étape de commande, utilise des régles de véri-
fication (R) appropriées et compare en continu les-
dites données de mesure (D), en les combinant
éventuellement avec au moins certains desdits si-
gnaux de commande (CS) et avec des instructions
de commande, données par un opérateur, afin d’i-
dentifier des événements opérationnels spécifiques
caractéristiques du processus, dans lequel chacun
desdits événements opérationnels définit un point
d’intérét (POI) qui est une agrégation de données de
mesure (D), des signaux de commande (CS) opé-
rationnels et également des contenus vidéo audio
relatifs a une fenétre temporelle déterminée avant et
apreés ledit événement sur la base desdites régles de
vérification (R), dans lequel lesdits points d’intérét
(POI) sontgénérés automatiquement par ladite unité
de commande (23) et éventuellement par ladite unité
de traitement (27).

Procédé selon larevendication 1, caractérisé en ce
qu’ilcomprend une étape d’analyse effectuée alafin
dudit processus aprés ladite étape de commande,
dans laquelle une unité de traitement (27) d’'une
seconde plate-forme interactive (16b) est configurée
pour réaliser au moins la comparaison entre tous les
points d’intérét (POI) générés dans ledit processus
et lors de processus précédents, pour générer des
points d’intérét (POI) supplémentaires et/ou pour
valider ou éliminer les points d’intérét (POI) précé-
demment générés dans ladite étape de commande,
en transmettant des informations correspondantes
sur un écran (26).

Procédé selon la revendication 2, caractérisé en ce
qu’un horodatage est associé a chaque point d’in-
térét (POI) et la fenétre temporelle fait référence a
une période de temps déterminée avant et apres
I'événement spécifique qui caractérise ledit point
d’intérét (POI).

Procédé selon I'une quelconque des revendications
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1 a 3, caractérisé en ce que lesdits points d’intérét
(POI) sont classés selon le degré d’'importance avec
des régles de vérification fixes, dynamiques ou auto-
apprises (R), qui permettent de déterminer un écart
du processus soit en cours, soit passé, par rapport a
un critére optimal.

Procédé selon I'une quelconque des revendications
1 a 4, caractérisé en ce que pendant I'étape de
commande, lesdits points d’intérét (POI) sont affi-
chés sur un écran (22) du dispositif d’assistance
opérateur (21) sous forme de graphique, avec des
marqueurs de couleur et/ou de forme différentes,
éventuellement également sous forme de liste, dans
I'ordre chronologique.

Procédé selon la revendication 4 ou 5 lorsqu’elle
dépend de la revendication 4, caractérisé en ce
que ledit critére optimal se rapport a la gestion ou
au rendement quantitatif ou qualitatif, ou a I'entretien
de l'installation industrielle (10), ou au résultat géo-
métrique du produit final ou a la consommation
d’énergie de l'installation industrielle (10).

Procédé selon I'une quelconque des revendications
4, 5 ou 6, caractérisé en ce que lesdits points
d’intérét (POI) sont classés comme événements
normaux, événements d’alarme, événements de
dysfonctionnement, et en ce qu’au moins dans le
cas de points d’intérét (POI) classés comme des
événements de dysfonctionnement, au cours de
I'étape de commande, ladite unité de commande
(23) est configurée au moins pour projeter sur les
écrans principaux (20) de ladite premiére plate-
forme interactive (16a) les images relatives a I'évé-
nement se produisant afin d’augmenter le niveau
d’attention des opérateurs.

Procédé selon I'une quelconque des revendications
1 a7, caractérisé en ce que chaque point d’intérét
(POI) contient des données de mesure (D) relatives
a tous les composants (11) d’installation qui carac-
térisent le processus et qui sont surveillés directe-
ment ou indirectement.

Procédé selon I'une quelconque des revendications
1 a 8, caractérisé en ce que lesdits points d’intérét
(POI) contiennent également des mesures relatives
a la qualité d’'un produit déterminé, ainsi que les
étiquettes d’identification de toutes les matiéres pre-
miéres utilisées pour fabriquer ledit produit.

Procédé selon I'une quelconque des revendications
2 a 9, caractérisé en ce que ladite étape de
commande et ladite étape d’analyse se produisent
a des moments différents et dans des environne-
ments entiérement séparés et indépendants.
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Procédé selon la revendication 1, caractérisé en ce
qu’il comprend une étape d’analyse qui se produit
simultanément a ladite étape de commande en
mode "simulation", dans lequel, en partant des
conditions actuelles de l'installation, la poursuite
du processus est simulée, en faisant varier des
paramétres de commande déterminés.

Procédé selon une quelconque revendication pré-
cédente, caractérisé en ce que ladite seconde
plate-forme interactive (16b) permet de superviser
le processus en cours et de suivre le produit en cours
d’élaboration dans toutes les étapes d’élaboration,
incluantles étapes de déplacement entre les compo-
sants (11) d’installation.

Procédé selon I'une quelconque des revendications
5a 12, caractérisé en ce que pendant ladite étape
de commande est présente une étape d’entrée d'in-
formations supplémentaires relatives aux points
d’intérét (POI) générés, dans laquelle sur ledit écran
(22) dudit dispositif d’assistance opérateur (21), un
écran est affiché qui offre a 'opérateur la possibilité
d’entrer lesdites informations sous forme écrite ou
orale.
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